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THE EFFECT OF WEATHER UPON THE YIELD OF CORN.

By J. WarREN SuarH, Professor of Meteorology.
[Dated Weather Bureau, Columbus, Ohio, Jan. 5, 1914.]

INTRODUCTION.
The geographical distribution of vegetation is deter-
mined by the climate, and the principal climatic factors

that must be considered in the development of plants in
any part of the country are temperature, rainfall, and
sunshine.

Temperature is the most important factor in deter-
mining the broad climatic belts within which different
Bla.nts will grow and mature, as well as the more narrow

elts where they will make their best development.

Investigation has shown that every plant has its opti-
mum temperature and moisture values during which it
makes its best development, and that this varies in dif-
ferent periods of its growth. And not only this, but the
heat and moisture must be in right proportion.

The moisture in the soil carries the plant food to the
roots to be worked into vegetable tissue by the ener
of the solar rays. If there is not enough material brought
to the plant then the solar energy is wasted, and on the
other hand if the heat is not sufficient to use up the
material brought by the moisture then the material is
wasted.

In the highest altitudes there is an excess of moisture
and a deficiency of heat. These are the conditions that
obtain in most of Europe, and in these countries the crop
yields are determined largely by the temperature.

In other places where the rainfall is sufficient and the
temperature too low for the best growth of plants, such
?.s in Alaska, the sunshine becomes the most important
actor.

No plant life is perfected and reaches its fullest matu-
rity except through the influence of the short waves of
solar energy which we call light. Dark rays or heat can
not replace sunlight in the growth of vegetation, but
sunlight can partially replace heat. Barley and oats
and similar crops can be cultivated, as they are, as far
imtﬂ:h as 70° latitude only because of the quantity of
ight.

gA value called the ‘‘sunshine-hour degree’” may be
obtained by multiplying the average daily heat neces-
sary to grow and mature a crop by the total possible
number of hours of sunshine from planting to har-
vesting. _

If this is done for corn in the United States the sun-
shine-hour degrees from the date of planting to the date
of harvesting of corn for the district between latitude 30°
and latitude 35° are found to be 80,313; between latitudes
35° and 40°, they are 65,778; and they amount to 47,887
" between latitudes 40° and 45°; thus showing that the
number of sunshine-hour degrees necessary to make a
crop diminish as the latitude increases, and explain-
ing further why there is a decided difference in the quan-
tity of heat necessary for the same crop at different lati-
tudes due to the difference in the quantity of light.
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SECTION II.—GENERAL METEOROLOGY.

RAINFALL MOST IMPORTANT IN THIS LATITUDE.

In places where the temperature and sunshine are
generally sufficient the development of the plant and
more especially the crop yield depends most largely upon
the rainfall. This is particularly true in most of the
western part of the United States and to a large extent
in central and eastern districts as well.

It has been demonstrated by long experiments in most
of the temperate region that the yield of both grain and
straw are Frea,test when the soil contains from 40 to 80
per cent of its full water capacity during the most active
season of growth.

The most advantageous percentage of moisture varies
with different plants, depending upon their method of
using the water. In general the quantitg of water neces-
sary for a maximum crop increases with the richness of
the soil, the closeness of the stand of plants, the size of
the leaves, the dryness of the air, the velocity of the
wind, and the temperature. '

One writer states that it takes 350 tons of water to
mature one acre of corn. Another, that unmulched land
loses 200 barrels of water per acre each day by evapora-
tion.

The grain plant obtains a great part of its total weight
from the soil during the early part of its growth, ans a
lack of moisture at this time will cause a short straw but
not necessarily a small yield of grain. During the latter
part of the growth the seed is being made chiefly from
material stored in the stalk, and moisture must be present
to flush the material from the stalk into the head or the
grain will be shrunken.

CRITICAL PERIODS OF GROWTH.

A careful study of the work of others as well as personal
investigation leads the writer to the conclusion that all
plants have a certain critical period when favorable
weather will produce a good crop and unfavorable
weather a poor crop. Also that it is quite possible to
determine the most critical period as well as the weather
element most affecting the conditions by a detailed study
of the results in the field from the records of previous
years.

In some crops this critical period is very short. In
some, temperature seems to be the most important
weather factor and in others it is the rainfall. ﬂl some
crops the period seems to be soon. after seeding and in
others while in blossom. In apples, for example, our
studies indicate that the weather during the formation
of the fruit buds more than a year before the crop is har-
vested, has a greater effect upon the yield than that of
anf like period between these dates. '

t seems to the writer that when the critical period
for a crop has been determined, together with the meteoro-
logical factor most affecting it, and then the climate of a

‘place calculated, the ada,ptabililtgr of that crop to that
y

particular place can ver{ quickly be determined. In
some cases 1t will be possible to vary the variety, time of
seeding, fertilizing (potassium nitrate hastens ripening),
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or cultivation, <o as to bring the critical period into the
time when most favorable weather conditions are most
apt to prevail. In other cases it will be found best to
substitute some other crop that will lend itself to these
conditions. The one crop will do fairly well part of the
time, while the other crop will reach its maximum most
of the time.

Further, we believe that this critical period in most
instances is long enough before the date of harvest to
allow for giving more attention to other crops which
perhaps may be substituted. For example, there is no
?uestlon but the rainfall for May is the most important
actor in the hay crop in most of the northern part of the
United States. If, tﬁerefore, it is found toward the latter
art of this month that the rainfall has been light, other
or:.ﬁe crops may be planted to take the place of the
small hay crop.

The cﬂticafperiod in the growth of corn.—The writer
has devoted considerable time during the past 10 years
to the problem of ascertaining just what effect the dif-
ferent weather factors have on the different crops and in
trying to find the critical periods. A large amount of data
has been brought together and some interesting and
important results obtained.
nearly 75 per cent of the world’s production of corn
is grown in the United States, and as the economic im-
gorta.nce of this crop is so great, it has been thought
est to prepare for publication the following discussion
of the effect of weather upon corn.

It is not intended to be a complete or final study of the
problem, because even as we are completing the paper
we are constantly finding new problems and new lines of
research which demand further attention. We believe
it will show the methods used, however, and help to
point out the most critical period in the growth of this
important crop and the kind of weather that most affects
the final yield.

JULY RAINFALL AND CORN YIELD IN OHIO.

In the Yearbook of the United States Department of
Agriculture for 1903, page 215, the writer gave a short
articleupon therelation ofg recipitation to the yield of corn.
The yield in each of the eight large corn-producing States in
the central part of the country was compared with the
rainfall during June, July, and August by means of curves.

The most important fact brought out in this article was
the close relation between the rainfall for the month of
July alone and the yield of corn. The yield curve for the
eight States comlpared almost as closely with the rainfall
curve for July alone as it did with the rainfall curve for
the three .months combined or with any two of them.
The period coverd was from 1888 to 1902, inclusive.

A correlation method.—While the curve method of
showing a relation between two factors is the most
gra.}t)lhic, it is not the most accurate. Hence in Table 1
we have compared the average rainfall for the month of
July for Ohio with the average yield of corn for the whole
State for a period of 60 years by the simplest form of the
correlation table,

As this form of correlation has been used very freely
throughout this paper and as it may not be familiar to
all of its readers the method will be explained in detail
in discussing Table 1. (See also Monthly Weather
Review, 1911, v. 39, p. 792.) '

Eight columns are used in the table. Column 1 indi-
cates the items, which in this case are the years from
1854 to 1913, inclusive, a period of 60 years.
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Column 2 gives the average rainfall for the State of
Ohio for the month of July for each of these years.
Column 3 shows the departure of the rainfall for each
year, from the average or normal for the month. In
column 4 these departures from the normal have simply
been squared. '

In column 5 there has been entered the average yield
of corn for the State of Ohio for each year, in bushels
per acre. Column 6 gives the difference between the
yield ({or each year and the normal or average for a long

eriod.

P The average yield of corn for Ohio for the 60 years is
34.5 bushels per acre. A careful inspection of the yield
figures, however, will show a gradual increase in the
yield during much of the time, and instead of taking the
difference between the yield for each year and the aver-
age for the whole period it seemed best to use the mean
for each 20 years in determining the departure figures
for column 6. The average yield of corn for the period
from 1854 to 1873 was 32.9 glllshels per acre; from 1874
to 1893, 33.5 bushels per acre; and from 1894 to 1913,
37 bushels per acre. Inasmuch as a mean yield was
determined for each 20 years in showing the departure
from the normal the ra.i.n?all departures in column 3 were
obtained for the same years in the same manner. It will
be noticed also that the yield figures are given to tenths
while the departure figures are to the nearest whole
number.

The figures in column 7 are the square of the depar-
ture figures in column 6 and correspond with column 4.

In column 8 there is given the product of the two
departure columns 3 and 6. Care must be taken in this
column to place the proper sign before the figures, remem-
bering that in multiplying like signs produce ‘‘plus’’ and
unlike signs ‘‘minus’’ values. *

The next step in the calculation is to obtain the sums
of columns 4 and 7, multiply them together and obtain
the square root of the product. The sum of column 4
is 111.83 and of column 7, 1,045. The product of these
factors is 116,862.35 and the square root of this product
is 341.8.

The next step is to obtain the algebraic sum of the
values in column 8. This is +203.2 and this must be
divided by 341.8 the square root of the product of the
sums of columns 4 and 7. This gives a quotient of +0.59
which is called the **correlation coefficient’’ or r.

In this method of correlation if there is an ezact rela-
tion between the two factors under discussion the corre-
lation coefficient will be either +1 or —1. That is to
say, if every time the rainfall was increased a certain
amount the yield of corn was increased in exactly the
same ratio then the correlation coefficient would be
exactly +1. And on the other hand if every time the
rainfall was increased a certain definite amount the corn
yield would be decreased in an exact ratio the correla~
tion coeficient would be exactly —1.

So in this correlation, the nearer the correlation coeffi-
cient, r, approaches 1 the closer the relation, and the
nearer it approaches 0 the less the relation. Some writers
believe that the relation or influence of one factor upon
another is well established if the correlation coefficient is
three times the probable error, while others think that it
should be six times the probable error. It probably is
safest to assume that there may be some relation if the
correlation coefficient is three times the probable error
and that the relation is established beyond question if it
is more than six times the probable error.
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the following equation

The ﬂrobable error is found b
cient and n the number

in which r is the correlation coe
of years under consideration.
1-12
0.674 Jn
Substituting the values obtained in Table 1 we have
the equation:

1-(0.59)?

V60
which equals +0.057 which is only #; of the correlation
coefficient. This shows without (iuestion a very high

correlation between the July rainfall and the yield of corn
in Ohio covering a 60-years record.

0.674

TasLE 1.—Correlation of July rainfall, and the yield of cornin Ohio,
1854 to 1918.

Corn yield.

Year, July rainfall. 8xe6
1 2 3 4 ] [} 7 8
Square of Squareof
Depar- Depar- |3
Amount. epar- |{ Amount. epar-
ture. ture. ture. ture.

es. | Inches. Bushels. | Bushels.
2.8 —L5 2.25 26.0 — 49 +10.5
5.8 +1.7 2.89 39.7 +7 49 +11.9
2.6 —15 2.25 7.7 —5 a5 + 7.5
4.9 +0.8 .64 36.6 +4 18 + 3.2
4.7 +0.6 .36 27.7 —5 25 — 3.0
1.6 —-2.5 6.25 20.5 -3 @ + 7.5
5.8 +1.7 2.89 38.2 +5 25 + 8.5
3.3 —0.8 .64 33.5 +0.4 |..ciane.s — 0.3
3.6 -0.5 |' .25 30.0 -3 9 + L5
2.6 —-1.5 2.25 27.0 —6 36 + 9.0
2.1 +2.0 4.00 27.0 -6 36 +12.0
5.7 +1.6 2.56 35.0 +2 4 + 3.2
5.1 +1.0 1.00 36.5 +4 16 + 4.0
3.2 -0.9 .81 29.8 -3 9 + 2.7
2.7 —1.4 1:98 34.4 +2 4 — 2.8
4.8 +0.7 .49 28.4 —4 16 — 2.8
4.7 +0.6 .36 37.5 +5 25 + 3.0
3.7 —0.4 .16 36.7 +4 16 — 1.6
6.7 +2.6 6.76 40.9 48 64 +20.8
6.2 +2.1 4.41 35.1 +2 4 + 4.2
3.8 —0.1 .01 39.2 +8 .36 - 0.6
8.9 +3.0 9.00 34.2 +1 1 + 3.0
6.4 +2.5 6.25 36.9 +3 9 + 7.5
3.7 —0.2 .04 32.5 —1 1 + 0.2
5.4 +1.5 2,25 37.8 +4 18 + 6.0
4.2 +0.3 .09 34.3 +1 + 0.3
4.2 +0.3 .09 38.9 +5 25 + 1.5
3.6 —0.3 .09 31.0 —4 18 + 1.2
3.2 —-0.7 .49 34.0 +0.5 |.......... — 0.4
4.2 +0.3 .09 24.2 -9 81 - 2.7
3.8 —0.1 .01 33.3 ~0.2 |
3.2 —0.7 .49 36.8 3 [ - 2.1
2.9 —-1.0 1.00 33.5 —0.03 1. el
2.2 —1.7 2.80 30.5 —3 9 + 5.1
4.4 +0.5 .25 3.9 +5 25 + 2.5
4.2 +0.3 .09 32.3 -1 1 — 0.3
2.0 —-1.9 3.61 24.6 -9 81 +17.1
3.8 —0.1 .01 35.6 +2 4 — 0.1
3.8 —0.1 .01 33.3 =0.2 |oieiai]ienanaas
2.5 —1.4 1.96 29.1 -4 16 + 5.6
1.6 —-2.6 6.76 32.68 —4 16 +10.4
2.0 —-2,2 4.84 33.7 -3 9 + 6.6
8.1 +3.9 15.21 41.7 +5 25 +19.5
4.6 +0.4 .16 34.3 -3 9 - 1.2
4.0 —0.2 .04 37.4 +0.4 ... - 0.1
4.2 +0.01 .0001 38.1 +1 {1 P
4.6 +0.4 .16 42.6 +6 36 + 2.4
2.7 —1.5 2.25 30.0 —7 49 +10.5
4.7 +0.5 .25 38.8 +2 4 + L0
3.7 —0.5 .25 3L.5 -6 34 + 3.0
4.1 —-0.1 .0l 32.8 —4 16 + 0.4
3.9 —0.3 .09 37.9 +1 1 - 0.3
5.1 +0.9 .81 42,2 +5 25 + 4.5
5.4 +1.2 1. 44 34.8 -2 4 — 2.4
4.1 —0.1 .01 36. 1 -1 1 + 0.1
3.8 —0.4 .16 38.7 2 4 — 0.8
3.2 —-10 1.00 36.6 —~0.4 |.......... + 0.4
2.4 -1.8 3.24 38.6 +2 4 - 3.8
5.7 +1.5 |.. 2.25 42.8 +6 36 + 9.0
5.2 +1.0 1.00 37.8 +1 1 + 1.0

.................... DU~ TR | RN PP 1,045 +203.2

Correlation with other months.—It follows that by mak-
ing similar correlations for other periods in the growth of
the corn plant the time when the rainfall has the greatest
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effect can be accurately determined. The Weather
Bureau records show monthly amounts of rainfall, hence
in these early data the rainfall for complete months only
can be used.

Correlation coefficient tables for Ohio for 60 years for
other months worked out exactly as shown in Table 1

give the following:
Correlation

Period of rainfall. oooﬂic}‘ent
July.eeeineninaaa... e reeesecereermereaea-teeecenmsacenann +0. 59
Jun€.cennnieiiieaae .. . X
August..........

June and July...........
July and August

June, July, and August.

This makes it plain that the rainfall for the month. of
July has a far greater effect upon the yield of corn in Ohio
than either June or August, somewhat greater than the
rainfall for June and July combined, and slightly greater
than for June, July, and August combined,%)ut that the
rainfall for July and August combined has a greater
effect than for J}l’ﬂy alone.

Results of variations in July rainfall—The average
rainfall for the State of Ohio in July for the past 60 years
is 4.06 inches. The a.vera.%e yield of corn for Qhio for
the 60 years is 34.5 bushels per acre. If the different
years are grouped by July rainfall amounts the yield fig-
ures show some very interesting results.

For example, if all of the rainfalls of one-fourth inch
differences be grouped and the yield figures averaged, the
results will show an a,veraie increase in the yield of corn
of 0.8 bushel per acre with each increase in the rainfall
of one-fourth inch. That is, if all of the years when the
rainfall for July was less than 1.75 inches, be grouped
together then all of the years when the rainfall was
between 1.75 inches and 2 inches, between 2 inches and
2.25 inches, and so on up to 8 inches, the increase in the
average yield values will amount to 0.8 bushel per acre
with each rainfall increase. Between 2 and 4 inches the
avemfge increase in yield with each increase in the rain-
fall of one-fourth inch amounts to 1.4 bushels per acre.

If the rainfall amounts are grouped for each half-inch
difference, the average increase in the yield with each
increase in the July rainfall of one-half inch is 1.2 bushels
per acre. The average yield of corn for all of the years
when the rainfall for July was between 2.50 inches and
3 inches is 29.8 bushels per acre, while the average yield
for all of the years when the vainfall was between 3
inches and 3.50 inches was 34.1 bushels per acre. This is
an average increase of 4.3 bushels per acre in the corn
vield for the whole State of Ohio when there is an increase
in the rainfall of only one-hbalf inch, at what seems to be
the critical rainfall stage in July.

The average increase in the corn yield with each
increase of 1 inch in the rainfall in July in Ohio is 2.3
bushels per acre. Between 2 inches and 6 inches the

ield increases at an average rate of 2.5 bushels per acre
K:r each increase of 1 inch in the July rainfall. The
greatest rate of increase is when the rainfall passes the
3-inch mark.

In all of the years when the rainfall in July in Ohio has
averaged less than 3 inches the average corn yield has
been 30.3 bushels per acre. In the years when the rainfall
for July has been 5 inches or above, the corn yield has
averaged 38.1 bushels per acre.

The records of crop production show that the area
devoted to corn in Ohio for the 10 years from 1903 to
1912, inclusive, has averaged slightly over 3,500,000 acres
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each year. The average farm price for corn on December

1 during the same period has been 50 cents per bushel
in Ohio.

Combining these figures with the yield values in the
preceding paragraphs we see at once that each increase
of one-fourth inch in rain in July over the State of Ohio
causes an average increase in the total corn yield of
2,800,000 bushels, with a value of $1,400,000. so that
between 2 and 4 inches each increase in rain amounting
to one-fourth inch increases the value of the corn crop
in Ohio $2,950,000.

. The figures show further that each increase in the rain-
fall in July of one-half inch will cause an average increase
in the corn yield in Ohio of 4,200,000 bushels, worth on
December 1 on the farm $2,100,000. And not only that,
but when the rainfall for July.passes the 3-inch mark
the increase in the corn crop with an increase in the rain-
fall of only one-half inch will, on the average, amount to
15,050,000 bushels, worth $7,525,000 when corn is worth
50 cents a bushel on the farm.

For each variation of 1 inch in the rainfall for July
the corn yield in Ohio varies 2.3 bushels per acre or
8,050,000 bushels.

When the rainfall for July in Ohio has been less than
3 inches the yield of corn has averaged 30.3 bushels per
acre, and when the fall has been 5 inches or more the
yield has averaged 38.1 bushels per acre. This difference
of 7.8 bushels per acre means 27,300,000 bushels of corn
for the State, worth $3.90 an acre, or $13,650,000, depend-
ing on whether the State has had an average of 3 inches
or less of rain in July or whether the fall has been 5 inches
or more.

It must be remembered that these figures are only
averages and it does not follow that the yield will vary
as indicated every time that the rainfall for July varies
one-fourth or one-half inch, etc. Sometimes the variation
will be greater and sometimes less, but inasmuch as the
study covers the unusually long period of 60 years the
figures must be valuable.

The practical application of this study comes in recog-
nizing the fact that one-fourth and even one-half an inch
of rain can be conserved from rapid evaporation by
proper cultivation.

CORRELATION FOR SHORTER PERIODS THAN MONTi—IS.

The rainfall in the preceding correlations and discus-
sions was for complete months so the next step seemed
to be the tabulation of the rainfall into shorter periods to
try and determine the exact time during which the rain-
fall has its greatest effect upon the corn yield.

At first this was done by correlating the rainfall at one
station for each 10 days with the yield of corn in the

county in which the station is located. Wooster, Ohio,
and l%ayne County were considered with the following
result:

TapLE 2.—Correlation of rainfall at Wooster, Ohio, for each.10 days and

yield of corn in Wayne County, 1891 to 1910.
ot rivesd
coe
Periods. r.

June 21 t0 30 oo i i iicieneaaeaa. 031
1 T 1 + .12
July 11 to 20. .+ .71
July 21 to31._. .-+ .16
August 1 to 10.. .+ .56
August 3160 20 ... . . eiiiiiiiieiiraeeaaa + .46
August 21 1081, .cenniiii it + .14
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This gives such a high value of r for the 10 days from
July 11 to 20 as compared with the periods on either side,
that the reliability of com aringl the rainfall at one point
alone in a county with the yields for that county was
seriously doubted.

We therefore calculated the average yield of corn for
the three counties of Franklin, Madison, and Pickaway,
in central Ohio, and the average rainfall for 18 cobperative
stations in and around these counties. The period cover-
ed was from 1891 to 1910, inclusive, and we believe that
a correlation with the averages obtained in this manner
has a high degree of accuracy.

The same method of correlation was used as has been
described in Table 1, and the correlation was made for
ealt;{l 10, 20, 30, 40, and 50 days, as shown by the following
tables: '

TABLE 3.—Relation between rainfall and yield of corn in ceniral Ohio
Correlation

Jor 10-day periods, 1891 to 1910.

Periods.
June 140 10. oo iiceeeacccrreracananaaa-
June 11 to 20.
June 21 to 30..

JUly 118020, o it cci e iie e eee
July 21 t0 8. oo e
August 1 to 10
August 11 80 20. e i et ieieeaaen
August 21 10 3L.co ettt aenaeaan

This table seems to show plainly that the 10-day period
from August 1 to 10 has the greatest influence upon the
yield of corn in central Ohio. The probable error for
that correlation coefficient is 4-0.10, which is fairly low.

TasLe 4.—Relation between rainfall and yield of corn in central Ohlo
Jor 20-day periods, 1891 to 1910.

Correlation
coefliclent
Periods. r.
JUne 110 20. e e iiiiiiiieieiecenneaeacaaean +0.03
June 1l t080. c cccvne i iiiiieiaieiicaccaneacceanan - .10
June 2l toJuly 10. . oo i et eenan +4 .07
July 11020 . . oo oniiniieeiaiieeccieeccinanccanancnnencns
July 11 to3l. ..o iiaae i
July 21 to August 10....
August 18020 .. .. cieiiiieicii i iicei et neea e

August 11 8031 .« o v oo iieieeeeaa

The highest value of r in this table is +0.50 from JulIy
21 to August 10, and this is just five times the probable
error.

TaBLE 5.—Relation between reinfall and yield of corn in central Ohio
Jfor 80-day periods, 1891 to 1910.

Periods.
Junelt030......ccunno.n.
June 11 fo July 10. . .........
June 21 to July 20. ..........
July L1008l i iiiieeiieiiieaiasecnamaacanacancaanas +
July 11 to August 10
July 21 to August 20.....cceeeineeraiaiciaiaeieacieacaanan + .48
T 0 A T 3 + .87

Here the greatest coefficient is for the period July 11
to August 10, when r is +0.49, and the probable error is
+40.10. These last three tables seem to show that the
rainfall before July 10 does not have a very great effect
upon the yield of corn. Also that the rainfall after Au-

ust 11 need not be taken very seriously into account.
he tables show further that the correlation coefficient
for the 10 days of August 1 to 10 is higher than for any
20 or any 30 day period, although the difference is slight.
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TaBLe 6.—Relation between rainfall and yield of corn tn central Ohio
Jor 40-day periods, 1891 to 1910.

Correlation
coefliclent
Perjods. r.

June 1l to .Tuli' 100 e L eeeetceecccencceaaeerananana +40. 07
JunelltoJuly20.. ... ...l 4+ .24
June2l to July 8l. . e eeaes 4 .36
JULY 110 AUZ. 10 « o .m v e mmmeemeeeemm e eeeeeeaeaennes + .53
July 11 t0o August 20......coeeeiiiieiiinraerincncnnann + .60
July2l to August 81 . . oo v ermein e ia e, + .52

There seems little question in this table of the domi-
nating influence of the rainfall during the period from
July 11 to August 20. This correlation coefficient of
+0.60 is nearly seven times the probable error.

TasLe 7.—Relation between rainfall and the yield of corn in central Ohio
Jor 50-day periods, 1891 to 1910.
Correlation
coefficient
Perlods.. r.
June 1 to J'ul¥ 20 o e i eiieeieeaecieecrenenaaean
Junell toJuly 8l. . coeiiunriiiiiiiiiiiiiiiieieeaaiiaeaas
June 21 to August 10........... --
July 1 to August20..........
JulylitoAugust 81....ccvememiammiiinnnann...

The correlation coefficient from July 1 to August 20 in
this table is +0.59 and is slightly more than six times
the probable error.

o believe that the district covered by the yield and
rainfall figures in Tables 3 to 7 makes them very reliable
and that the values may be taken as a standard for this
section of the country. Similar tables should be worked
out for other districts, however, as the correlations might
vary under different distribution of rainfall or different
temperature and sunshine.

It may be well again to call attention to the differences
shown in Table 3 as compared with Table 2, in order to
emphasize the importance of having sufficient data so that
incorrect conclusions may be avoided.

WEATHER EFFECTS DURING DIFFERENT PERIODS OF DE-
VELOPMENT.

After showing the relation between the corn yield and
a single element, the rainfall during certain definite peri-
ods, the question naturally arises: What is the effect of
all the elements, i. e., the weather during different pericds
of development of the corn plant? This question can be
answered by a study of certain data that have been com-
piled at Wauseon, Fulton County, Ohio.

Mr. Thomas Mikesell, of this place, has kept a most re-
markable record of phenological data for the past 30 years.
He has a wonderfully complete record of the advance o
all field and garden crops, of fruit and forest trees, shrubs,
grasses, weeds, etc., of all varieties, as well as of the migra-
tion of birds and the activities of insects, animals, ete. At
the same time he has kept a daily record of temperature
and rainfall with well-exposed standard instruments.

In Table 8 there have been entered certain important
data relating to corn growth and development from
1883 to 1912 as taken from the records of Mr. Mikesell.
As will be seen, they cover the dates planted, dates that
the plants appear above ground, the date in blossom,
and the date ripe, together with a statement of the
quantity and quality of the crop.

From 1883 to 1901 the dates are for operations on
his own farm, and during the balance of the period for
certain nearby fields, the same field being used for the
entire season. The average dates and
velopment are given at the bottom of the table.

periods of de-.
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TaBLE 8.—Phenological dates and data for growth of corn at Wauseon.
Okio, 1883 to 1912, by Thomas ok ’

[Lat., 41° 35’ N; long., $4° 07 E.; alt., 780 feet A. M. 8. L.

=} 24 g |38
Ho
= 2
H ER Ak
Date | & 8 2g |54
Year. Date above | g Date in [g Date a8 2 |Quality
t ] -
planted. ground. g E blossom. '?‘E 5 ripe. Zs gg of crop.
wm - 0n 0
5o 288 g |z
A¥ Q A A
1883....... May 12 | May 25| 13|July 20| 65| Oct. 10| 73} 60| Poor.
1884 24 8 24 61 | Sept. 15 53 80 | Good.
25 7 23 59 26 65 85 | Falr,
19 8 17 59 15 60 85 | Good.
25 5 24 60 15 53 60 | Fair.
25 10 25 61 20 57 756 | Fair.
23 8| Aug. 3 72 30 58 85 | Good.
1 5| July 26 56 20 56 50 | Fair.
2 10 27 ] 18 53 60 | Good.
23 5| Aug. 6 44 25 50 60 | Fair,
28 10 | July 25 58 12 49 60 | Good.
10 9 17 08 | Aug. 30 44 60 | Falr.
7 6 22 76 | Sept. 10 50 80 | Good.
14 5 10 57 | Aug. 30 51| 100 | Good.
5 14 20 45 | Sept. 12 54 80 | Good.
25 7 56 . 31
27 9 30
27 15 ..
1717107 July 257|690 7| Sept. 10°| 47°| " "80'| Good.
15 (] 18 64 ug. 30 43 75 | Good.
18 6 17 62 | Sept. 10 56 80 | Good.
6 10 30 85 3 35 75 | Good.
28 7 30 a3 15 47 80 | Good.
21 7| Aug. 6 77 25 50 80 | Good.
21 10 1 72 30 60 90 | Fair.
17 July 20| 64 8| 50| 80/ Fair.
20 10 22 63 2 42 95 | Good.
Average May 14 { May 23 9| July 25 62 | SBept. 13 50 76

1 Data for the years 1883 to 1801, inclusive, apply to Mr. Mikesell’s own estate; data
for 1902 to 1912 apply to certain nearby ﬂeld's, the same field being used for the entire
season.

Thermal constants.—The * thermal constant’ of a crop
is the average sum of the daily mean temperatures nec-
essary to bring it to maturity. Thermal constants have
been worked out at many of the European experiment
stations and it has been determined that the amount of
heat necessary to bring a certain crop to maturity in
the same locality does not vary very much in different
vears. If the temperature is comé)aratively low, the
ripening is correspondingly delayed. But there have
been marked differences among investigators as to the
temprerature data to be considered and the point from
which the thermal constant should be calculated. '

Botanists state that the protoplasmic contents of vege-
table cells are inactive when the temperature is below
6° C. (42.8° F.); that the protoplasm begins to awaken
into life when this temperature is reached, and will grow
and multiply as the temperature rises above this point.

It seems to the writer that 43° F. should be adopted
as the P‘oint of departure in calculating ‘“thermal con-
stants.” Also that the daily temperatures used should"
be the mean of the daily maximum and minimum tem-
peratures obtained in the shade. These are the daily
means used by the United States Weather Bureau and
are the most available. [Necessary corrections to be
applied in obtaining the true daily mean temperature are
given in Weather Bureau Bulletin S.]

For the spring-seeded crops we believe that the thermal
constant or effective temperature record should begin with
the date of seeding andp end with the date of ripening.
For fall-seeded crops the record should also hegin witﬁl
the date of seeding and all winter days be used when the
mean temperature for the day is above 43°. It might be
said that when grain is covered with snow an air tempera-
ture above 43° has no effect upon the plant. But on
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the other hand if the ground is not frozen the plant may
be growing slightly while covered with snow even with
the temperature over the snow cover below 43°. In the
case of fruits it is probable that the ‘ thermal constant”
should be calculated from the beginning of the formation
of the fruit buds during the preceding summer.

The method used for obtaining the ‘‘thermal con-
stant” as noted above is quite simple. Thus if the mean
temperature for any month is 65° F. the daily effective
temperature is 65° minus 43° or 22°. The thermal
constant for the month will be found by multiplying the
daily effective temperature, 22, by the number of days
in the month.

If the daily mean temperature during any part of a
month has been 43° or below, these days should be
omitted and only those days used when the average daily
temperature is 44° and above. This can be done by
either of two methods: (1) Find the difference between
the mean temperature and 43° for each day separately
and add the sums together, or (2) get the mean tempera-
ture for the days when the mean is 44° and above, sub-
tract 43°, and multiply by the number of days.

THERMAL AND RAINFALL CONSTANTS AT WAUSEON, OHIO.

Thermal and rainfall constants have been worked out
for the different stages of growth of corn at Wauseon,
Ohio, for 1883 to 1912, and a}i\pear in Table 9. In addi-
tion, the amount of available heat and the rainfall for 10
days before the date of planting was determined and
appears in the table.

his table should be studied in connection with the
data in Table 8 for the dates of planting, blossoming,
etc., and the number of days between these dates during
different years.

TaBLE 9.—Thermal and rainfall constants during the growth of corn at
Wauseon, Fulton County, Ohio, 1883 lo 1912.

Thermal. Rainfall.
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°F.|°F| °F. °F. |°F.|°*FlIn. |In.{In. | In. | In. | In. | In.
1883..... 130 { 141 1,583 | 1,264 | 270 | 20000.6 | 2.7 |13.7 [ 6.1 | 0.7 { 3.7 | 0.0
1884..... 114161 | 1,496 ] 1,412 240 | 200]1.0| 0.8 6.0 5.9 |1.1!0.01( 4.5
1885..... 114 | 147 | 1,520 ] 1,432 | 330 | 340J0.1 | 1.6 | 6.6 )|8.4|1.8|0.2| 2.6
1886..... 134 1,477 1,565 200 | 260§0.90.928|55| T. | T. {0.2
1887..... 205|131 | 1,603 1,371 | 350 330f0.1|1.4(8.4(1.9|1.0!1.0}0.0
1888..... 128 (110 | 1,600] 1,410} 270} 320f1.4 | 0.4 (5.6 2.7 |0.1]0.1]0.4
1889..... 250 { 143 | 1,640 | 1,239} 250 | 240§ 1.3{ 0.4 [15.3 | 2.3 [ 1.0 (1.6 (0.9
1890..... 167 |131| 1,365 1,330 | 270 | 36011 | T. (4463 | T | T.|T.
1891..... 103|148 [ 1,568 | 1,366 | 260( 250010.4 0.6 6.6{4.0/0.4|0.4/!0.4
1892..... 318|165} 1,253 | 1,238 310 | 31041.01.2)5.3(6.2[0.3|1.2]T.
1803..... 140 [ 163 | 1,634 | 1,411 300 | 300]1.0( 0.3 |8.4]|1.4)0.4|1.0/0.4
1864..... 139 | 161 1,638 | 1,309 | 290 | 33000.9|1.3 |53 |1.1(0.2| T. 0.2
..... 157 | 175 | 1,919 | 1,428 | 260 | 270§ T. {1.2[2.3{3.8(0.7{0.2}0.5
1896..... 235|154 | 1,443 | 1,490 | 280 | 200]0.2 0.6 | 8.2 |13.8 | 4,0 | 1.4 | 6.4
1897..... 153 [ 186 | 1,232 | 1,485 200 | 320] 1.0 | 1.2 (5.4 |3.5|1.0| 1.7 | 1.3
1808..... 150 | 177 | 1,566 | 1,258 |..__..l.....| L7|L4]61l4a7|....0....
1899..... 169 | 154 | 1,478 | 1,344 | 2900 | 3200 1.4 | 1.2 [ 4.7 |23 (2.8 2.2 1.2
1904..... 146 | 109 | 1,637 | 1,140 | 290} 27040.1 | 0.6 6.5 |3.6|0.8]1.6 0.6
1905..... 142 1,526 | 1,210 | 290 | 270} 0.8 (3.3 [10.22.9]0.1|0.170.2
1906..... 91127} 1,674 | 1,607 | 300| 28010.6|0.4|6.8)6.1(0.3|23(0.2
1907..... —25 1,762 8097 ( 200 | 160710.4 | 0.8 110.7 | 3.3 | 1.4 [ 1.3 | 2.0
1908..... 213 1199 | 1,735| 1,220 | 300 | 3001 2.6 (0.4 | 9.6 |3.4|0.0{2.1(0.2
1909 1351107 | 1,984} 1,223 310 | 3001 2.5| 0.4 10.7 ( 6.0 [ 0.5 | 1.1 | 2.6
1010..... 78 114 | 1,811 | 1,453 | 290| 260 1.0 0.7 (6.6 ,6.9|0.113.4|T.
1011..... 125 | 166 ( 1,913 | 1,322 | 200 | 230§0.1| T. [10.2 | 5.0 1.1, 1.0} 0.8
1013..... 168 | 123 ( 1,646 | 1,107 ( 300} 2701 0.8 | 2.2 | 5.3 5.1 0.6 i 0.8 0.8
Means...| 150 | 143 | 1,580 | 1,337 | 2906 | 286]0.9 | 1.0 | 7.4 4.6 0.8 1.1 | 1.1
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In Table 8, for example, the average date for planting
corn is May 14, and the average number of days for the
plants to appear above the ground is nine. Table 9
shows that tge average number of degrees during this
period has been 143°, and the average rainfall 1 inch.

The average time from the date the plants appear
above the ground until they are in blossom is 62 da
and the thermal constant averages 1,599°. The rainfﬁi
averages 7.4 inches. The average date that the corn is
in blossom at Wauseon is July 25, although this date
has varied between July 10 and August 6.

The average date that the corn has ripened is Septem-
ber 13, or 50 days after the date of blossoming. The aver-
age thermal constant during this time is 1,337°, and the
average rainfall 4.6 inches.

Table 9 also gives the thermal and rainfall constants
for 10 days before blossoming and for 10 days after blos-
soming, as well as the rainfall during the 10-day period
from five days before to five days after blossoming.

Thermal constanis and corn vyield, Wauseon, Ohio.—In
Table 10 the correlation coefficients have been given be-
tween the thermal constants during different periods of
corn development and the percentage of a good crop, as
reported by Mr. Mikesell. It is unfortunate that we do
not have the yield of corn in bushels per acre, yet believe
that the Eercenta.ge figures have been carefuﬁy consid-
ered by the observer.

TABLE 10.—Results of correlation between thermal constants and corn

yield, Wauseon, Ohio, 1888 to 1912.
Correlation
coefficlent
Correlation factors. ) r
(1) Thermal constants for 10 days before planting and yield.. —0.03
(2) Thermal constants from date of planting to date above
ground and yield........ . ... ...l — .03
(3) Thermal constants from date above ground to date of blos-
soming and yield....coemienen i, + .18
(4) Thermal constants from date of blossoming to date ripe
and yield.....ocooiii i aan
(5) Da.i_ly1 c!lnea.n temperature for 10 days before blossoming and
¢ -
(6) Daily mean temperature for 10 days after blossoming and
vield. .o - .28

. 003

There is a slight positive relation between the tem-
perature between the date that the corn appears above
the ground and the date of blossoming and the yield of
corn, as well as a negative relation between the tempera-
ture for 10 days after blossoming and the yield, but the
correlation coefficients are all too low to be given any
consideration.

Thus Table 10 seems to show that there is little or no
relation between the daily mean temperature and the
yield of corn.

Rainfall constants and corn yicld, Wauseon, Ohio.—In
Table 11 the correlation coefficients between the yield of
corn and the rainfall during the different periods of
growth are shown.

TaBLE 11.—Results of correlation between rainfall constants and corn
yield, Wauseon, Ohio, 1883 lo 1912.

Correlation
clent
Correlation factors. . r

(1) Rainfall for 10 days before planting and yield of corn...... +0.01

2) Rainlfg.ll from date of planting to date above ground and
vield. ... e —~ .06

(3) Rainfall from date above ground to date of blossoming and
yield. ..o — .03

(4) Rainfall from date of blossoming to date ripe and yield.... 4 .29
(5) Rainfall from 5 days before blossoming to 5 days after blossom-

ingandyield. .. ..o i .45

(6) Rainfall for 10 days before blossoming and yield........... + .20
7) Rainfall for 10 days after blossoming and yleld..... + .74

8) Rainfall for 20 days after bloasoming and dyxeld ............. + .57

9) Rainfall for 30 days after blossoming and yield............ + .46
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The results from this table are very important. It
seems to make plain that there is no relation between the
rainfall in the first part of the period of growth of the corn
crop and the yield. The average date of blossoming as
determined in Table 8 is July 25, 62 days after the plants
ap}Eear above the ground and 71 days after planting.

he correlation coefficient for the first three items in
Table 11 are much too near zero to receive consideration.
The correlation coefficient in item 4 indicating the rela-
tion between the rainfall between the dates of blossoming
and ripening is +0.29, but as this is only two and one-half
times the probable error even this is not very close.

The value of r for the rainfall for 10 days before the
date of blossoming as given in item 6 is also too low to
be given serious consideration. In item 5, however, cov-
ering the time from five days before blossoming to five
days after blossoming, the value of » is four times the
probable error and a relation is apparently established.
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F16. 1.—Dot chart showing combined effect of temperature and rainfall during the
10 days following the date of blossom upon the yield of corn at Wauseon, Ohio,
1883-1912. +, yield above normal; —, yleld below normal.

It is in item 7 of Table 11, however, that we have the
highest correlation coefficient. This shows that the rain-
fall for the 10 days after blossoming has the ix;ea,test effect
uFon the yield of corn of any period in the history of the
plant. is value of r is +0.74, which is 15 times the
probable error. This coefficient is considerably higher
even than that for the 20 days or the 30 days following the
date of blossoming.

In Tables 3, 4, and 5, there were given the correlation
coefficients for the rainfall for the State of Ohio as a whole
comdpa.red with thzfield of corn, for arbitrary 10, 20, and
30 a,leeriods. near the average date of blossoming

ave high values of r. These facts combined with the

igh value of 7 in item 7 of Table 11 go to show that the
rainfall immediately after blossoming has a very dominat-
ing effect upon the yield of corn.

Combined effect q/y;-ainfall and temperature.—Item 7 in
Table 11 indicates a direct relation between the rainfall
for 10 days after blossoming and the yield of corn, and
item 6 in Table 10 seems to show an opposite effect of the
temperature upon the yield, during the same period.
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In figure 1, therefore, the combined effect of these two
factors is shown by a dot chart. In this chart the mean
or normal temperature is indicated by a central horizontal
line. Lines above this normal line indicate temperatures
above the normal and lines below it temperatures below
the normal. The normal rainfall is indicated by a cen-
tral perpendicular line and the rainfall values above and
below the normal are indicated by lines to the right and
left of the central line, respectively.

The dot chart is made by placing a yield dot at the
intersection of the lines indicating the departure of the
temperature and the rajnfall from the normal. If the
yield is above the normal a cross or plus mark is entered,
and if the yield is below the normal a minus sign is set
down. If there is a decided effect of either or of both
factors there will be a well defined grouping of the plus
and the minus signs.

Figure 1 seems to make plain the fact that warm and
dry weather for 10 days after blossoming is very damagin
to the corn yield and that wet weather is beneficial. It
shows also that if dry weather is also cool the result is
generally favorable.

Correlation between weather factors.—Sometimes a
weather factor seems to show a favorable or unfavorable
effect upon the yield when in fact the real effect is due
to another weather condition entirely, which itself deter-
mines the first factor.

It is sometimes true that wet weather is also cool
weather or that wet and warm weather occur together
over a district. To ascertain whether this is the case in
the development of corn some correlations have been
determined for Wauseon as given in Table 12.

TABLE 12.—Resulls of correlntion between thermal constants and rainfall,
and also other factors, Wauseon, Ohio, 1883 to 1912.
Correlation
coefficient
Correlation factors. T.

(1) Thermal constants from date above ground to date of
blossoming of corn and total rainfall for same period... 40.42

(2) Thermal constants and total rainfall from date of blossom-
ingofcorntedate ripe......oocimoiii il + .28

{3) Thermal constants and total rainfall from date of planting

of corn to date that itisripe. . ... oo -.11
(4) Thermal constants from date of planting of corn to date it

is ripe and the total number of days in same period.... + .37
(5) Relation of total number of days from date of planting of

corn to date it is ripe and the yield ofcorn............. — . 001

The above values of » show that warm weather accom-

gsmies wet weather more than halt of the time during the

rst part of the growth of corn, but that for the whole
period any apparent relation is accidental.

RATE OF GROWTH OF CORN.

A number of years ago the Pennsylvania State Agri-
cultural Experiment Station carried out some experi-
ments showing the rate of growth of corn, and tables
showing the results were published in their annual re-
ports for 1887, 1888, and 1889.

The period covered in 1889 was from July 5 to 27, when
the average rate of growth of corn was 139 thousandths
of a foot in the daytime and 198 thousandths of a foot in
the nighttime. In this discussion the “daytime’’ was for
9.5 hours, from 7:30 a. m. to 5 p. m., and the ““nighttime”
was from 5 p. m. to 7:30 a. m., or 14.5 hours. The hourly
rate of growth during this period was 13.6 thousandths of
a foot at night and 14.7 thousandths of a foot in the day-
time.

Temperature data are given in the tables in connection
with the rate of growth and from those tables figures 2
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and 3 have been prepared. Figure 2 gives the general

relation between the maximum temperature and the rate

of 1g::'owl;h in the daytime and indicates a close connection.

igure 3, however, indicates that the rate of growth of

the corn plant at night follows along with and is very
largely controlled by the minimum temperature.

ect of minimum temperatures at Wauseon, Ohio.—

With the curves in figure 3 in mind correlations were

calculated between the minimum temperatures at Wau-

seon, Ohio, and the yield of corn.

The results are given
in Table 13.

TABLE 13.—Resulis of corrclation belween mean minimum temperatures
and corn yield, Wauseon, Ohio, 1883 fo 1912.
Correlation
coefficient
Correlation factor. r.

(1) Mean minimum temperatures for 10 days before blossoming
and yield......coeeeeni . —-0.01

(2) Mean minimum temperatures for 10 days after blossoming
and yield... ... .o iiiiiiiaa —-.01

(3) Mean minimum temepratures from date corn appears above
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of rain or more and divided by the whole number of
days in the period. The equation is simple:
ab

c’

where a is the total rainfall for the period, b the number
of days with 0.10 inch, 0.20 inch, 0.30 inch, etc., rainfall
or more, and ¢ the total number of days in the period.

In Table 14 the effective rainfall was determined by
taking the rainfall at Columbus, Ohio, for the 51-day
period from June 21 to August 10, for 20 years, working
out new factors in accordance with the formula as above,
and correlating these new factors with the yield of corn
in Franklin County, Ohio.
_ This method shows whether a certain amount of rain
is as effective coming in many small showers, as it isin a
few heavy showers, and it is accomplished by eliminating
consideration of days with rainfalls below the definite
amounts.

The general rule has been stated that for equal quan-

ground to date of blossoming and yield................. - .07 142 PR . .
(4) Mean minimum temperatures from date of blossoming to tities of rain its value to agriculture increases as the
date corn is ripe and yield.......covuevennnneeeeeennnns + .33 number of rainy days diminishes, and on the other hand
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F1G. 2—Relation between maximum temperature and daily gerowth of corn in Penn-
sylvania, July 5-27, 1889.

This shows no relation whatever between the minimum
temperature and the yield of corn except during the

eriod from the date of blossoming to date of ripening.
g‘his is rather low and we believe is entirely accidental,
because the Pennsylvania experiments found that the
vertical growth of corn practically ceases when the plants
tassel out.

Effective mi}:{alls.—lt is well known that small rain-
falls during a drought may actually do more harm to a
crop than good, because by merely wetting the surface
of the ground an effective dust mulch may be destroyed
and thus more water be lost to the crop by evaporation
than has been gainéd by the shower.

Or numerous light showers during the early growth of
the corn, by merely wetting the surface may cause it to
root near the surface where the soil will quickly dry out
during later dry spells. In our own investigations of
accumulative effects of weather it was found that when
July was quite dry the final yield was greater if the pre-
vious June was moderately dry also.

Of course the rate of growth and development of corn
plants have been determined with certain definite
amounts of water, in the laboratory. But to try and
answer the often repeated question as to just what rain-
fall amounts are actually beneficial to the growing corn,
or. are most beneficial, we have adopted the foﬁowing
plan:

: The rainfall for a definite district and period is multi-
plied by the total number of days with a certain amount

FI1G. 3.—Relation between minimum temperature and nocturnal growth of corn in
Pennsylvania, July 5-27, 1889.

diminishes as the number of rainy days increases. This

can be true, however, only up to a certain point.

TaBLE 14.—("orrelation table for determining the most effective rainfall
in the yield of rorn in Columbus and Franklin Counties, Ohio.

Correlation
coefficient
Rainfall factors. r.

Rainfall for July and yield of corn. . . ... ... ..ol +0. 48
Rainfall, June 21 to Augirlust 10, and yield of corn.............. + .60

Factor determined for the amounts given below as per formula

and the yield of corn:

Days with 0.0l inchormore....... .. .. ...l 4 .61
Days with 0.10 inchormore.... ... .. .. ... .. ... ... + .61
Days with 0.20 inchormore......... ... ... ... ... ... + .61
Days with 0.25 inchormore....... .. ... .. .. ... ... + .64
Days with 0.30 inchormore.......... ... ...l + .59
Days with 0.40 inchormore....... ... ... .. .....o...oL. + .61
Days with 0.50 inch ormore..... .. . ... .. ........ + .70
Days with 0.60 inch ormore.............oc.oooill.l + .55
Days with 0.70 inchormore.... ... ... ... ...l + .56
Days with 0.75 inchormore....... .. ... .. ... ... ... + .57
Days with 0.80 inchormore.............. ... ... ... + .38
Days with 0.90 inch ormore....... ... ... .. ... o + .59
Days with 1.00 inchormore........................... + .41

This table shows quite plainly that rainfalls of 0.50
inchdor more are the most effective in determining the
ield.
y For fear that the results might be affected by taking
the rainfall at only one station, similar correlations have
been calculated for the yields in Franklin, Madison, and
Pickaway Counties, in central Ohio, and for the rainfall
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at all of the stations in and around those counties, 18 in
all, for the period from July 21 to August 10. The
results follow in Table 15.

TABLE 15.—Resulls from correlations for most effective rainfalls, Central

Ohio, 1891 lo 1910. .
Correlation
coefficient
Correlation factors. T

Rainfall, July 21 to August 10, and corn yield (see Table 4)... +0. 50
Factor determined for the amounts below as per formula and

the yield of corn:
Days with 0.01 inch or more........cooveennenoiaeaann. + .44
Days with 0.10 inch or more..........c.cooeeemmuinoaannn + .51
Days with 0.20 inch ormore........_.................... + .43
Days with 0.25inch ormore...............ccoiiiiiian.. + .49
Days with 0.30 inchormore.............c.coiiiiiian.. + .50
Days with 0.40 inch ormore.............cccooiiiiiian. + .47
Days with 0.50 inchormore....... . ... ... ....o.. + .64

The differences in the correlation coefficients for the
lower rainfall amounts are not great and could be purely
accidental. But the higher va‘(iue of r for 0.50 inch or
more, corresponds to that determined in Table 14 and
seems to show that one-half of an inch of rain is more
beneficial than lesser amounts.

FOUR GREATEST CORN STATES.

Of the total a.crea.%e of corn in the United States 30 per
cent is grown in the four States of Indiana, Illinois, Iowa,
and Missouri. Of the total amount shipped out of the
county in which it is grown 60 per cent is raised in these
four States. The average area devoted to corn in these
States is 30,325,300 acres. The average yield of corn is
32 bushels per acre.

The average rainfall has been correlated with the corn
yield for these States for the period from 1888 to 1911,
inclusive, with results as follows:

TABLE 16.—Results of correlation of rainfall with the corn yield for
Indiana, Ilhnois, Iowa, and Missouri, 1888 to 1911.

Correlation

coefficient

Correlation factors. ) 7.
Rainfall for June and corn yield...._........... ... .....l.. +0. 34
Rainfall for July and corn yield........... .. .. ... ... ... .+ .73
Rainfall for August and corn yield... .. ... ... ... ... + .48
Rainfall for June and July and corn yield.................... + .68
Rainfall for July and August and corn yield......_...._...._.. + .69
Rainfall for June, July, and August and corn yield......_.... + .69
This shows that the rainfall for July has a greater

effect upon the yield of corn than that for either June or
July, or for a combination of these months with July.

An analysis of the rainfall and yield data in these States,
as was made for Ohio, shows that the average increase
in the corn yield with each increase of one-half inch
in the rainfall in July amounts to 2 bushels per acre.
This means a total increase in the corn yield of 61,000,000

" bushels, worth thirty and one-half million dollars when
corn is worth 50 cents per bushel.

In these four States when the rainfall for July has heen
between 2 and 2.5 inches the yield of corn has averaged
23 bushels per acre, and when the rainfall has been
‘between 2.5 inches and 3 inches the yield has averaged
33 bushels per acre. This is an increase of 10 bushels
per acre with an increase of only one-half inch of rain
at the critical rainfall stage. But this increase amounts
to the enormous quantity of 300,000,000 bushels, worth
something like $150,000,000. This also means an increase
in the value of the corn crop of $5 per acre when corn
is worth 50 cents per bushel. '
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A correlation of the mean temperature in July over-
these four States with the yield of corn shows a negative
relation amounting to —0.61. Investigation seems to
show that this is due to the fact that cool weather
usually accompanies rain in July.

Figure 4 explains this and shows the combined effect
of rainfall and temperature differences upon the yield
of corn in these four States in July. This indicates that
warm and dry weather in July is always unfavorable,
and that wet weather is usually favorable. Also that
if the weather is dry a good crop is apt to be gathered,
if it is cool also.

This chart explains that it is not warm weather alone
that is unfavorable but high temperature coupled with
dry weather.
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F16. 4—Dot chart showing combined eflect of rainfall and mean temperature in
Jul; upon yield of corn. Averages for Indiana, Illinois, Iowa, and Missouri, 1889~
1911. +, yield above normal; —, yield below normal.

Rainfall and corn yield in eight States.—In Table 17
is given the regular correlation table showing the relation
between the average rainfall for the month of July and the
yield of corn in bushels per acre over Ohio, Indiana,
Illinois, Iowa, Nebraska, Kansas, Missouri, and Ken-
tucky, for the past 25 years.

The correlation coefficient in this case is +0.78, while
the probable error is only +0.05. This is a very high
correlation and indicates the high effect of the July
rainfall alone when considering large districts.

An inspection of the table brings out the fact that an
excess in the rainfall has always been followed by an
excess in the corn yield. Also that a deficiency in the
rainfall in July has been followed by a deficient yield
every year except four, and in each one of these years
the rainfall deficiency was slight.

The normal rainfall over these eight States in July is
3.9 inches, and the normal yield of corn 30 bushels per
acre. The average area devoted to corn is close to
50,000,000 acres.

The yield of corn during those years when the rainfall
averages one-half inch less than the normal or less has
been 23 bushels per acre. On the other hand, when the
rain has been one-hialf inch or more above the normal
the yield has averaged 33 bushels per acre.
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Tasie 17.—Correlation of rainfall in July and the yield of corn for Ohio,
Indiana, Illinois, Towa, Nebraska, Kansas, Missouri, and Kentucky.

Year. July rainfall. Corn yield. 3x6
1 2 3 4 ] [] 7 8
Square of Square of
Depar- [°d Depar- |°]
Amount. epart- | Amount epart-
ture. ure. ture are.
Inches. | Inches. Bushels. | Bushels.
3.6 —0.3 0.09 + 2 4 - 0.8
4.9 +1.0 1.00 33 + 3 9 + 3.0
2.1 —-1.8 3.24 23 -7 49 +12.6
3.6 —0.3 .09 32 + 2 4 — 0.6
3.8 —0.1 .01 28 -2 4 + 0.2
3.0 —0.9 .81 26 - 4 16 + 3.6
1.6 —2.3 5.29 20 ~10 100 +23.0
4.2 +0.3 .09 31 +1 1 + 0.3
6.4 +2.5 6.25 34 + 4 16 +10.0
3.6 —~0.3 .09 26 — 4 16 + 1.2
3.5 —0.4 .18 29 -1 1 + 0.4
3.8 —0.1 .01 30 +1 1 — 0.1
4.6 +0.7 .49 31 +1 1 + 0.7
2.0 —1.9 3.61 18 —12 144 +22.3
4.8 +0.9 .81 34 + 4 16 + 3.6
3.8 —-0.1 .01 29 -1 1 + 0.1
4.4 +0.5 .25 30 + 0.3 [ceeannn... + 0.2
4.9 +1.0 1.00 35 + 5 25 + 5.0
3.8 —0.1 .01 36 + 6 36 — 0.6
5.1 +1.2 144 30 + 0.5 [ceennnnn.. + 0.6
3.6 —0.3 .09 29 -1 1 + 0.3
5.1 +1.2 1.44 31 + 1 1 + 1.2
4.2 +0.3 .09 32 + 2 4 + 0.8
2.8 —-1.1 1.21 30 — 0.1 [ecnenn... + 0.1
4.1 +0.2 .04 34 + 4 16 + 0.8
97.8 Jececunnaan 27.62 |ceiiaeiifennnnnns 466 +-88.4
F: 1 20 PO FRRPRIUI AR AP PR M

This means that when the rainfall for July averages
less than 3.4 inches, the yield of corn over these eight
States will average 10 bushels to the acre less than when
the rainfall is more than 4.4 inches.

This is a difference of 500,000,000 bushels in the total
yield of corn, and when corn is worth 50 cents per bushel
the purchasing power of the farms in the central ﬁart of
the United States is increased $250,000,000 through
corn alone. Surely, corn is king.

Discussion of figures. .

Each figure is explained by its head and legend. It will
be well, however, to call attention to the fact that in Iowa
and South Dakota the mean date of the beginning of corn
harvest as shown by figure 9 is later than the average
date of the first killing frost, as indicated in figure 7. In
most other districts the corn harvest begins before killing
frosts.

It would seem, therefore, that in calculating the length
of the growing season to be from the date of planting to
the date of harvesting we are considering too long a

growing season in Iowa and South Dakota. This seems’

to be shown in the large number of growing days in
figure 10, too high thermal constants in figure 11, too
great an amount of rainfall in figure 13, and too great a
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number of possible hours of sunshine as shown in figure
14, in that particular district as compared with sur-
rounding States.

This is particularly brought out in figure 12 by the low
daily thermal constants in Jowa, especially as compared
with other sections. It is quite probable that the end of
the season should have been the average date of the first
killing frost in the autumn, but inasmuch as the dates of
beginning of planting and the beginning of harvest were
used in other States, we have tlg;ought best to use the
same data throughout. .

In figure 15 the effect of the Great Lakes in causing an
increased amount of cloudy weather is well shown.

In connection with these thermal constant and sun-
shine charts, reference should again be made to the sun-
shine-hour degree differences as stated on page 78 of this
article. The whole study of thermal and sunshine con-
stants is a most important one and can profitably be car-
ried out more in detail.

CONCLUSIONS.

1. The controlling weather factor in the great corn-
growi’%ﬁ districts of the United States is rainfall.

2. The critical period of growth of corn during which
favorable weather will cause a large crop and unfavorable
weather a short crop, is comparatively brief.

3. If the rainfall for calendar months be considered,
that for July has a far greater effect upon the corn yield
than rainfall for any otlgl:;r month.

4. The rainfall from about the middle of July to the
middle of August has a far greater effect upon the corn
yield than that for any other period of similar length.

5. The rainfall for the 10 days following the date of
blossoming has an almost dominating effect upon the
yield of corn, the larger the rainfall the larger the yield.

6. If the rainfall is small during the 10 days after blos-
soming a high temperature has a very unfavorable effect
upon the yield.

7. Rainfalls of one-half inch or more have a greater
effect upon the development of corn than falls of less
amount.

8. Tt seems possible to give a close estimate of the
probable yield of corn by August 10, by careful study of
the weather conditions that have prevailed up to that
time.

9. The importance of shallow cultivation after each
rainfall in July, and after August 1 for the }ilu ose of
forming a dust mulch and thus preventing t. eqioss of
water by evaporation, can not be overestimated.

10. The science of agricultural meteorology ean be
advanced, and the results of these investigations be made
of more practical value to the farmer, by a detailed study
of the critical periods of growth and the weather factors
most affecting the yield of other field and garden crops.
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F1a. 6.—Average date of last killing frost in spring. (From Weather Bureau Bulletin V.)
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Fra. 7.—Average date of first killing frost in autumn. (From Weather Bureau Bulletin V.)
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F16. 8.—Average date when corn planting begins. (From Bureau of Statistics Bulletin 85.)
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F1G. 9.—Average date when corn harvesting begins. (From Bureau of Statistics Bulletin 85.)
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¥16. 10.—-Average number of days between planting and harvesting corn. Figures show averagesfor the whole of each State.
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F16. 11.—Average thermal constants between planting and harvesting corn. Figures show sums of daily mean temperatures above 43° F. during
growth and maturing of the corn plant.

F1@. 12.~Average daily thermal constant between planting and harvesting corn.
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F1a. 14.—Total possible hours of sunshine between planting and harvesting of corn.



